Real-time near-infrared bioimaging of a receptor-targeted cytotoxic dendritic theranostic agent.
Efficient and site-specific delivery of anticancer drugs to tumors is important in the development of effective cancer chemotherapy. As an undecapeptide of the tachykinin neuropeptide family, the substance P (SP)/neurokinin-1 receptor (NK1R) system has been identified as a promising ligand-receptor pair in tumor-specific drug delivery. However, the rational design of suitable theranostic agents with high drug loading capacity and tumor targeting for cancer patients remains a great challenge. Herein, we report a dendritic strategy that utilizes the two amine functionalities of lysine to create branch points that allow conjugation of the anticancer drug 5-fluorouracil (5-FU) to the tumor-targeting ligand substance P, along with an additional near-infrared (NIR) squaraine dye, to construct a theranostic dendritic agent, P-FU 4. This cytotoxic theranostic agent, containing four carboxyl-modified 5-FU molecules, has several desirable advantages: i) the ability to self-assemble into nanoparticles; ii) enhanced cytotoxicity with high drug loading capacity (16%) and a specific receptor-targeted interaction with NK1R through the SP moiety; and iii) a high NIR squaraine fluorescence efficiency due to the specific dendron isolation, avoiding aggregation-mediated quenching. As demonstrated in this report, the cytotoxic activity of P-FU 4 is dose-dependent against the tested cancer cells. The improved drug loading capacity with dendritic branching distinctly enhanced cytotoxicity to tumor cells but had little effect on the viability of normal cells. P-FU 4 was preferentially taken up by tumor cells through a receptor-mediated interaction, which was monitored by effective NIR fluorescence with high tissue penetration. Studies using a mouse model revealed that P-FU 4 can significantly inhibit tumor progression, with a tumor-inhibition rate of 60.2%. The receptor-targeted cytotoxic dendritic theranostic agent is highly preferable to standard chemotherapeutic treatments and decreases the negative side effects of medications on healthy cells, which establishes its utility in drug delivery and cancer chemotherapy.